subdural empyema (22 cases), epidural abscess (6 cases), and infected nidi at both subdural and epidural sites (3 cases). All but four of the children with subdural empyema were from 6 months to 2 years of age or from 12 years to 16 years of age; all children with epidural abscess fitted into the older age group. The subdural empyemas developed from varied sources, but the paranasal sinuses, the ears, and the mastoids processes were predominantly affected. Five subdural empyemas developed following craniotomy or shunt procedures. The epidural abscesses developed mostly from infections in the paranasal sinuses and the middle ears. Two of the combined infections developed from the paranasal sinuses; the third followed craniotomy. The infecting bacteria varied, but were usually Streptococci and were common to both the subdural and epidural sites. The subdural empyemas presented as focal seizures in the older group, and that group of patients was more seriously ill and had greater focal deficit; the mortality rate was 13%. Epidural abscesses only rarely presented with focal deficit, and diagnosis was delayed in most instances; no deaths occurred in this group. Two cases are reported in detail to illustrate the principles and pitfalls of surgical management of these intracranial infections in the pediatric age group.
EFORE 1949, subdural empyema was believed to be almost universally fatal, and reports of survival were very few. 4,6,1~ Then, in 1949, Keith ~ reported the successful surgical management of six patients with subdural empyema; these patients were treated with burr-hole drainage and large craniotomy exposure, supplemented by antibiotics. However, over the next 25 years, the mortality rate from subdural empyema approached 40% in most seriesY The mortality rate thereafter remained unchanged until 1980, when Borzone and co-workers 3 reported a rate of 14.3%, and Luken and Whelan 8 reported no deaths. In 1981, after reviewing 66 cases and surveying the literature, Bannister, et al., ~ stated that a survival rate of around 90% should be possible.
Our recent experience with two cases at The Hospital for Sick Children in Toronto prompted us to review our surgical experience with subdural empyema and epidural abscess in the pediatric age group.
Case Reports

Case I (Subclural Empyema)
This 16-year-old boy had a 1-week history of fever and bifrontal headache. He had been seen by a local physician and had been given an unknown antibiotic over a 24-hour period. His fever and lethargy increased, and he was admitted to an outside hospital. The peripheral white blood cell (WBC) count was 18,000/cu mm, with 80% polymorphonuclear leukocytes. The erythrocyte sedimentation rate (ESR) was 43 mm/hr. A lumbar puncture showed an opening pressure of 180 mm H20, one WBC, and a protein content of 76 mg/dl. Following the lumbar puncture, the patient developed a right hemiplegia and expressive dysphagia. He was transferred to The Hospital for Sick Children.
Examination. On admission, the patient had a temperature of 38.6 ~ C, a stiff neck, right hemiplegia, and expressive dysphagia. A computerized tomographic (CT) scan showed no abnormalities; skull x-ray films showed opacification of the left frontal sinus. A lumbar puncture performed 24 hours after the first one yielded 662 WBC's, with 90% polymorphonuclear leukocytes, and Gram-positive diplococci on Gram stain. A radionucleotide brain scan ( Fig. 1) showed increased uptake in the frontal and left parasagittal regions. The initial diagnosis was purulent sinusitis with cerebritis and possible cortical vein thrombosis. Operation. Twenty-four hours after admission a left frontal burr hole was made, and a creamy yellow purulent material with early membrane formation could be seen beneath the dura. Two burr holes were then made in the frontal and temporal regions, and the subdural space was irrigated with Bacitracin irrigation solution until the fluid was clear, A left frontal sinus trephine and left maxillary lavage produced frank yellow purulent material. Cultures of the material from the subdural space and sinuses yielded alpha-hemolytic Streptococcus.
Postoperative Course. The patient was started on a 21-day regimen of intravenously administered chloramphenicol because he was believed to be allergic to penicillin. A C T scan 3 days after the operation was no different from the scan made when the patient was admitted. His neurological deficit resolved, and he was discharged on the 26th postoperative day. Two days later, he was readmitted with an 18-hour history of left frontal headache and photophobia. His temperature was 38.5~ A C T scan showed a multiloculated subdural empyema (Fig. 2 left) . A left frontal craniotomy and a posterior parietal burr hole were performed, exposing thick pus with loculations and membranes. Despite his presumed history of penicillin allergy, he was started on a 6-week course of intravenously administered penicillin at the recommended dose for meningitis. Cultures of the pus again grew alpha-hemolytic Streptococcus. A C T scan 3 days after this operation (Fig. 2 right) showed only a small left subdural collection and no enhancement or loculation. The patient again had weakness of the right arm as well as occasional psychotic and paranoid episodes, but all deficits had resolved by the time he was 
Case 2 (Epidural Abscess)
This 14-year-old boy was admitted to The Hospital for Sick Children with a 5-day history of headache and fever. He had been swimming and diving over the 5-day period that preceded onset of his symptoms. A lumbar puncture performed at an outside hospital had yielded normal findings, and skull x-ray films showed opacification of the left frontal sinus and an air-fluid level in the left frontal region.
Examination. The child's temperature was 39.5~ his WBC count was 8600/cu mm. A CT scan ( Operation. A left frontal burr hole was made, and the epidural space was found to be normal. Subdurally, there was a large xanthochromic effusion under pressure. The effusion was evacuated; no purulent material was found. Trephination of the left frontal sinus yielded gross purulent material which, on culture, grew Staphylococcus aureus.
Postoperative Course. Eight days later, a second CT scan was essentially identical to the admission scan, and skull x-ray films confirmed the persistence of an air-fluid level. Tomograms of the anterior fossa (Fig.  4) showed a lateral defect in the posterior wall of the sinus, and it was believed that the patient had pneumocephalus due to a communication between the subdural or epidural space and the frontal sinus. Exploration of the left anterior fossa exposed a large epidural abscess with necrotic and granulation tissue just behind a small defect in the posterior wall of the left frontal sinus. The abscess was evacuated and the defect was closed with pericranium. The single frontal burr hole made earlier proved to be 2 cm too far superior to expose the epidural abscess (Fig. 5) .
The patient was treated with intravenously administered cephalosporins and chloramphenicol for 1 month, and 9 months postoperatively is neurologically normal and asymptomatic.
Clinical Material
The review of our previous experience with these entities includes 31 patients; 22 had subdural em- pyema, six had epidural abscess, and three had both subdural empyema and epidural abscess. These patients underwent surgical treatment at The Hospital for Sick Children from 1954 to 1981. Patients treated for postmeningitic subdural effusions that were not grossly purulent were excluded from this review. The sources of infection are listed in Table 1 . Spread of infection from the paranasal sinuses was the most common source.
Of the patients with subdural empyema, seven were 13 to 16 years old, one was 12 years old, one was 2 years old, nine were 6 months to 2 years old, three were 6 weeks to 6 months old, and one was 5 weeks old. All of the patients with epidural abscess were 12 to 16 years old. Of the patients with both subdural empyema and epidural abscess, two were 6 to 12 years of age, and one was 13 years old. Thus, there were two distinct age groups: the 12-to 16-year-old group and the 6-week to 2-year-old group. Only four patients failed to fit into one of those groups.
The presenting clinical features of the two groups are summarized in Tables 2 and 3 . In general, headache, seizures, fever, and focal neurological deficits characterized subdural empyema in the 12-to 16-year-old group; peripheral WBC counts of greater than 15,000/cu mm were universal. For that age group, epidural abscess tended to have a less impres- 
TABLE 5 Results of bacteriological study in 31 cases of intracranial abscess
sive presentation. In the 6-week to 2-year-old group, subdural empyema was less clearly characterized, but often followed meningitis. The duration of symptoms before diagnosis ranged from 24 hours to longer than 3 weeks. Table 4 summarizes the results of diagnostic studies. Only six of the patients were seen after CT scanning became available. Radionucleotide brain scans and electroencephalograms were of localizing value, as were skull x-ray films, which also were of value in locating the primary source of the infection.
The organisms grown from surgical material, and from other sources when surgical material produced negative cultures are summarized in Table 5 . As in other series reported, Streptococci were the organisms most commonly grown.
Initial treatment of subdural empyema included the drilling of burr holes in 10 patients and craniotomy in six patients. Two of the 10, one of whom is presented as Case 1, later required a craniotomy, and three of the six required a subsequent craniotomy for a parenchymal brain abscess several weeks after the craniotomy for subdural empyema. All patients with epidural abscess required treatment with craniectomy or craniotomy. Four of the 22 patients with subdural empyema died (18%); there were no deaths in the epidural abscess group. Thus, the overall mortality rate was 13%. All deaths in the series occurred before CT scanning was available. A close review of the cases in which death occurred showed that, of the two deaths in the younger group, one was due to sepsis in a 7-week-old infant who had ventriculoperitoneal (VP) and subdural peritoneal shunts infected with Klebsiella pneumoniae. The second patient who died was a 15 89 girl who had had a craniotomy and a VP shunt inserted for management of a primitive neuroectodermal tumor. She developed a postoperative left subdural empyema and died of septic shock within hours of being admitted to the hospital. Cultures from a subdural tap grew Escherichia coli. Only two of the patients in the 12-to 16-year-old age group with subdural empyema who presented in a more classical clinical fashion died. One was a 12-year-old boy with headache and persistent seizures who was found to have a right subdural empyema. He had marked papilledema and tLxed dilated pupils, both on admission and after operation. He died 3 months postoperatively, following aspiration of a right parietal brain abscess. A 15-year-old boy with headache, fever, seizures, and neurological deterioration following lumbar puncture had a left subdural empyema evacuated through a craniotomy. He developed status epilepticus postoperatively and died 4 weeks later after aspiration of purulent material and necrotic brain from the left frontal lobe.
Discussion
Our two case reports demonstrate pitfalls in diagnosis and management of patients with subdural empyema and epidural abscess. Although CT scanning can be expected to provide accurate diagnosis and localization of subdural empyema in many cases, there are still numerous reports of negative CT scans in patients with large subdural empyemas. TM The first scan in our patient with subdural empyema (Case 1) showed no abnormalities, but the scan obtained after the empyema recurred accurately demonstrated the multiloculated nature of the lesion. Coronal cuts may be of value in demonstrating extra-axial subdural collections when routine horizontal cuts are uninformative.
McKenzie, in a footnote to Keith's report ~ of his experience with subdural empyemas in 1949, lamented the fact that treatment of subdural empyema was often frustrating because brain swelling after the initial evacuation of the pus through burr holes oc-H. P. Smith and E. B. Hendrick cluded the holes and prevented further drainage. North field 9 feared that such obstruction of further drainage might well lead to loculation, which would require subsequent craniotomy or other drainage procedures. That appears to be what happened in the patient in our Case 1, in whom a multiloculated abscess developed after drainage was attempted through burr holes alone. Although the extensive review of Bannister, et al., 1 would tend to further support McKenzie's and Northfield's theory, 10 of our 22 patients with subdural empyema were adequately treated with burr holes alone. Our experience with the patient with epidural abscess, pneumocephalus, and sinus-epidural fistula (Case 2) points out the importance of placing an initial exploratory burr hole just above the frontal sinus, so that a lesion in that area will not be missed.
A generous craniotomy would certainly seem to provide the best exposure of the subdural space and the interhemispheric fissure, an area in which it is difficult to localize pus diagnostically, and from which it is difficult to evacuate pus and to establish adequate drainage. This conclusion is also supported by the series of Bannister, et aL, 1 in which the mortality rate in patients treated solely by burr holes was 48%, whereas the rate in patients treated initially with craniotomy was only 8%.
The low mortality in our series cannot be attributed to the use of CT scanning or to the ages of the patients at the time of presentation. Many of the patients were operated on early, on the basis of high clinical suspicion. Low mortality rates can be expected in future series if early operative intervention (usually in the form of craniotomy if the clinical picture is suggestive of subdural empyema or epidural abscess) is carried out, even if the CT scan is negative.
